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Purpose: To investigate the stability and effectiveness of T-ﬂex toric intraocular lenses (IOLs) for the
correction of regular corneal astigmatism during cataract surgery.
Methods: From October 2009 to January 2014 we enrolled patients receiving phacoemulsiﬁcation and T-
ﬂex toric IOL implantation in the capsular bag at the Far Eastern Memorial Hospital. The uncorrected
distance visual acuity (UDVA), corrected distance visual acuity (CDVA), corneal astigmatism, refractive
astigmatism, and the degree to which the IOL axis deviated from the demanded axis were recorded both
before the operation and 6 months postoperatively.
Results: We enrolled 24 eyes of 24 consecutive patients in this study. The mean spherical power of the
implanted toric IOLs was 17.13 ± 4.21 D (range 6.0e24.0 D) and the mean cylindrical power of the IOLs
was 3.0 ± 0.86 D (range 2.0e5.0 D). At the 6-month follow up examination, the refractive astigmatism
had improved from 3.21 ± 1.50 D to 0.77 ± 0.47 D (p < 0.001) and the spherical equivalence had
improved from 4.47 ± 5.43 D to 0.63 ± 0.49 D (p ¼ 0.007). The CDVA improved from 0.81 ± 0.45 logMAR
to 0.09 ± 0.11 logMAR (p < 0.001). The mean improvement from the preoperative CDVA to the post-
operative UDVA was 5.3 lines on the Snellen chart. Ninety-two percent of our patients achieved a
postoperative UDVA 20/40 and 67% achieved a postoperative UDVA 20/25.
Conclusion: The T-ﬂex toric IOL can effectively reduce visually signiﬁcant corneal astigmatism and
improve uncorrected distance visual acuity during cataract surgery.
Copyright © 2014, The Ophthalmologic Society of Taiwan. Published by Elsevier Taiwan LLC. All rights
reserved.1. Introduction
With advancedmedical techniques, refractive problems can now
be corrected during cataract surgery. After a cataract operation,
patients now expect optimum visual outcomes and reduced
dependence on spectacles. Approximately 15e29% of patients with
cataracts have >1.5 D of corneal astigmatism.1,2 Corneal astigma-
tism can be a signiﬁcant factor inﬂuencing postoperative vision.
Patients can try eye-glasses, rigid contact lenses, or excimer laserry or commercial interest in
clare no ﬁnancial support or
ology, Far Eastern Memorial
District, New Taipei City 220,
ng).
ciety of Taiwan. Published by Elsetreatment to correct an astigmatism either preoperatively or post-
operatively. Surgeons who treat astigmatism in patients with cat-
aracts tend to use limbal relaxing incisions (LRI).3e11 However, there
are some potential risks to LRIs that should be considered, such as
the over- or undercorrection of astigmatism and corneal perfora-
tion.9 They are relatively unpredictable and imprecise, especially
when correcting higher astigmatisms.11 LRIs also depend on vari-
able healing responses and the skill of the surgeon.11 In addition, the
amount of cylinder that can be corrected is limited.3,10e13
The toric intraocular lens (IOL) is another choice for the
correction of corneal astigmatism. A number of studies have
documented the efﬁcacy of the toric IOL.14e18 Sun et al19 compared
the effects of the toric IOLwith LRI in correcting astigmatism during
cataract surgery. They found a postoperative residual astigmatism
<0.75 D in 55.4% of patients receiving the toric IOL, but in only 21.5%
of the patients undergoing LRI. The use of toric IOLs to reducevier Taiwan LLC. All rights reserved.
Table 1
Visual and refractive outcomes of patients undergoing implantation of the T-ﬂex
toric intraocular lens.
Preoperative
value
Postoperative
value (6 mo
after operation)
p
CDVA (log MAR) 0.81 ± 0.45 0.09 ± 0.11 <0.001
UDVA (log MAR) d 0.14 ± 0.13 d
Refractive astigmatism (D) 3.21 ± 1.50 0.77 ± 0.47 <0.001
Keratometric astigmatism (D) 2.25 ± 0.58 2.22 ± 0.73 0.73
Spherical equivalent (D) 4.47 ± 5.43 0.63 ± 0.49 0.007
Refractive sphere (D) 4.21 ± 4.83 0.59 ± 0.57 0.003
Data are presented as mean ± SD.
CDVA ¼ corrected distant visual acuity; UDVA ¼ uncorrected distant visual acuity.
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able and stable method than the corneal approach.
We investigated the astigmatic correction and rotational sta-
bility of a Rayner T-ﬂex injectable one-piece hydrophilic acrylic
toric IOL in a series of patients with a regular keratometric astig-
matism of 1.50 D.
2. Materials and methods
This researchwas carried out in accordancewith the Declaration
of Helsinki and after obtaining approval from the Institutional Re-
view Board of the Far Eastern Memorial Hospital, Taipei, Taiwan.
We collected data from patients who underwent uneventful
torsional phacoemulsiﬁcation (Alcon Lab, San Diego, CA, USA) in a
2.2 mm suture-less temporal corneal wound from October 2009 to
January 2014. All the operations were performed by J.K. Wang, S.W.
Chang, and E.L.C. Mai at the Far Eastern Memorial Hospital. The
patients had visually signiﬁcant age-related cataracts and a regular
keratometric astigmatism of 1.50 D. Patients with uncontrolled
glaucoma, pre-existing macular pathology or optic neuropathy,
clinically unstable diabetic retinopathy, irregular keratometric
astigmatism, poor compliance to follow up, or previous ocular
surgery were excluded.
2.1. Preoperative assessment
Corrected distance visual acuity (CDVA) was measured using a
Snellen chart. Refraction and keratometry were obtained using an
automated refractometer (KR-8900, Topcon, Tokyo, Japan). The
axial length, keratometry, and anterior chamber depth were
measured with the IOLMaster Biometry system (Carl Zeiss Meditec
AG, Jena, Germany). Corneal topography was performed to exclude
irregular corneal astigmatism (Pentacam, Oculus, Berlin, Germany).
2.2. Calculation and implantation of intraocular lens
The IOLMaster biometric data, including axial length, kera-
tometry, and anterior chamber depth, were input online into the
Rayner T-ﬂex IOL Calculator (https://www.toriciol.rayner.com/) to
calculate the IOL spherical and astigmatic power, along with the op-
timum IOL axis position. The T-ﬂex one-piece hydrophilic acrylic
copolymer toric IOL (Rayner,Hove, East Sussex,UK)has anA-constant
of 118.0with a toric anterior surface anda posterior spherical surface.
Under topical anesthesia (proparacaine 0.5%; Alcaine, Alcon,
Rijksweg 14, 2870 Puurs, Belgium), reference marks were made
along the suggested axis of the IOL (the steep axis of astigmatism)
at the peripheral cornea near the limbus with a 27-gauge sterile
needle. The procedure was carried out at the slit lamp with the
patient sitting upright to avoid the effects of cyclorotation in the
supine position during the operation. After the cataract had been
removed, the capsular bag was ﬁlled with viscoelastic materials.
The T-ﬂex IOL was injected into the capsular bag by a single-use
soft-tipped IOL injector. After thorough removal of the visco-
elastic material at the front and back sides of the IOL, corneal
reference marks were used to align the IOL axis.
2.3. Postoperative assessment
The uncorrected distance visual acuity (UDVA), CDVA, refractive
sphere, corneal astigmatism, refractive astigmatism, and spherical
equivalent were recorded 6 months after the operation. The de-
grees of IOL axis deviation from the demanded axis were measured
using slit lamp retroillumination images as described previ-
ously.20,21 Preoperative and postoperative numerical data were
compared using the paired t test.3. Results
Twenty-four eyes of 24 consecutive patients were enrolled in
this study. The mean age of the patients was 67.3 ± 12 years (range
53e88 years). The surgeries were performed in 16 right eyes and
eight left eyes. The mean spherical power of the implanted toric
IOLs was 17.13 ± 4.21 D (range 6.0e24.0 D) and themean cylindrical
power was 3.0 ± 0.86 D (range 2.0e5.0 D). Table 1 shows a signif-
icant improvement in the CDVA and a signiﬁcant decrease in the
refractive astigmatism, refractive sphere, and spherical equivalent 6
months after the operation (p < 0.05). There was no signiﬁcant
change in corneal astigmatism after the surgery (p ¼ 0.73). The
mean increase in the CDVA after toric IOL implantation was six
Snellen lines. The mean improvement from the preoperative CDVA
to the postoperative UDVAwas 5.3 lines. A postoperative refractive
astigmatism <1.50 D was found in 96% of eyes and a postoperative
refractive astigmatism <1.0 D was noted in 70% of eyes. The UDVA
was 20/40 (0.3 log MAR) in 92% of the eyes and 20/25 (0.2 log
MAR) in 67% of the eyes (Fig. 1). The CDVAwas20/40 in 96% of the
eyes and 20/25 in 75% of the eyes (Fig. 1). Fig. 2 shows that all the
patients improved from preoperative corneal astigmatism to
postoperative refractive astigmatism.
No patient had signiﬁcant intra- or postoperative complications.
The mean deviated degree from the intended axis was <5 in all
patients after 6 months of follow up. The degree of IOL rotationwas
stable 1 day, 1 week, 1 month, 3 months, and 6 months
postoperatively.
4. Discussion
The correction of astigmatism during cataract surgery facilitates
postoperative visual improvements; these corrections can include
the placement of the incision on the steep axis of the cornea, LRI,
and toric IOL implantation.22 Previous studies have compared the
performance of the toric IOL and LRI in correcting corneal astig-
matism.23,24 The postoperative refractive astigmatism was com-
parable between groups of patients with pre-existing astigmatism
within 1.5 D treated with either the toric IOL or LRI. However, the
toric IOL achieved better results than LRI owing to the signiﬁcantly
lower refractive astigmatism found after implantation in patients
with a pre-existing astigmatism of >1.5 D.22 This is because LRI is
relatively unpredictable and imprecise, especially in correcting
higher astigmatisms.
The reasons for inappropriate refractive correction include: (1)
biometric or IOL calculation errors; (2) keratometric changes
resulting from the corneal incision wound; and (3) IOL rotation or
tilting in the capsular bag.20 In a previous study, 54% of the errors in
the predicted refraction after IOL implantation were attributed to
errors in axial length measurements.25 Optical biometry can avoid
corneal indentation and measure the axial length along the visual
Fig. 1. Cumulative percentage of postoperative uncorrected distant visual acuity (UDVA) and corrected distant visual acuity (CDVA).
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refractive results of patients undergoing cataract surgery and has
been shown to be more accurate than applanation ultrasound
biometry.25e28 In this study, we used IOLMaster as the measure-
ment tool. The IOLMaster biometric data, including axial length,
keratometry, and anterior chamber depth, were input online into
the Rayner T-ﬂex IOL Calculator to calculate the IOL spherical and
astigmatic power, along with the optimum position of the IOL axis.
Smaller incisions induce less corneal astigmatism after phaco-
emulsiﬁcation. Earlier studies have shown that the mean surgically
induced astigmatism in a 2.2 mm corneal incision was signiﬁcantly
less than that induced with a 3.0 mm corneal incision after coaxial
phacoemulsiﬁcation.29,30 In this study, we used a 2.2 mm corneal
incision to allow the passage of the coaxial phacoemulsiﬁcation tipsFig. 2. Correlation of preoperative and pand IOL injectors. No signiﬁcant changes in corneal astigmatism
were found before or after the operation.
Lens stability is important in the effectiveness of the toric IOL.
Each degree of off-axis rotation results in a loss of 3.3% of the lens
cylinder power and a 10 IOL rotation reduces the cylinder power
by approximately one-third.30 The cylinder power of the IOL is
therefore completely lost if the lens rotates >30. The IOL rotation
usually occurs in the early postoperative period. This can be a result
of the incomplete fusion of the anterior and posterior leaves of the
capsule, an inadequate capsulorrhexis size, inappropriate IOL
design or material, the small size of the IOL, or inadequate clearing
of the viscoelastic material.20 According to the manufacturer, the
double-arm haptic design of the T-ﬂex toric IOL is intended to
maintain good centering.20We removed the viscoelastic material atostoperative refractive astigmatism.
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the IOL axis along the corneal reference mark. The mean degree of
deviation from the intended axis was <5 in all patients and
occurred in the early or late postoperative period in our study.
Entabi et al20 enrolled 33 eyes with corneal astigmatisms 2.0
D. After cataract surgery and T-ﬂex toric IOL implantation, 69.7% of
the eyes achieved 20/40 UDVA. Four months postoperatively, the
mean refractive astigmatism signiﬁcantly reduced from 3.35 D to
0.95 D. The mean reduction in astigmatism was 2.4 D. The mean
CDVA signiﬁcantly improved from0.54 logMAR to 0.19 logMAR. The
mean difference between the intended and actual ﬁnal IOL cylinder
axis was 3.44. Alberdi et al21 reported the outcome of T-ﬂex toric
IOL implantation in 27 eyes with corneal astigmatism1.5 D. Three
months postoperatively, the mean refractive astigmatism had
signiﬁcantly decreased from 2.81 D to 0.52 D. The mean reduction
in astigmatism was 2.18 D. The mean CDVA signiﬁcantly improved
from 0.37 logMAR to 0.07 logMAR. The mean improvement from
the preoperative CDVA to the postoperative UDVA was 4.9 lines.
Ninety-six percent of their patients achieved a postoperative UDVA
20/40. Ninety-two percent of all eyes had an IOL rotation <10. In
our study, the mean refractive astigmatism decreased signiﬁcantly
from 3.21 D to 0.77 D. The mean postoperative reduction in astig-
matismwas 2.44 D, accounting for 76% of the preoperative cylinder.
The mean CDVA signiﬁcantly improved from 0.81 logMAR to 0.09
logMAR. Ninety-two percent of patients achieved a postoperative
UDVA 20/40. The IOL rotation was <5 in all of our patients.
Therefore the refractive outcome, visual results, and IOL stability in
our study were comparable with those in previous T-ﬂex toric IOL
studies.
An earlier review article identiﬁed 11 relevant studies reporting
changes in UDVA after cataract surgery and toric IOL implanta-
tion.31 Four brands of toric IOL were compared, including the Hu-
man Optic MicroSil, Rayner T-Flex, AcrySof Toric, and Staar Toric
brands. All these previous studies reported improvements in UDVA
after the surgical implantation of a toric IOL. The postoperative
UDVA was between 0.07 logMAR and 0.39 logMAR. The range of
postoperative refractive astigmatismwas from 0.28 D to 1.23 D. Our
research showed 0.14 logMAR in the mean UDVA and 0.77 D in the
mean refractive cylinder after the operation. These clinical results
are comparable with previously published work.
In conclusion, T-ﬂex toric IOL implantation is a safe and effective
method to correct clinically signiﬁcant corneal astigmatism during
cataract surgery. The limitations of this research include the
retrospective study design and relatively small number of patients.
Thus a larger prospective study is necessary to conﬁrm the efﬁcacy
of the T-ﬂex toric IOL.
References
1. Hoffer KJ. Biometry of 7,500 cataractous eyes. Am J Ophthalmol. 1980;90:
360e368.
2. Grabow HB. Intraocular correction of refractive errors. In: Kershner RM, ed.
Refractive keratotomy for cataract surgery and the correction of astigmatism.
Thorofare, NJ: Slack; 1994:79e115.
3. Tehrani M, Dick HB. Incisional keratotomy to toric intraocular lenses: an
overview of the correction of astigmatism in cataract and refractive surgery. Int
Ophthalmol Clin. 2003;43:43e52.4. Gerten G, Michels A, Olmes A. Toric intraocular lenses; clinical results and
rotational stability. Ophthalmologe. 2001;98:715e720.
5. Budak K, Yılmaz G, Aslan BS, Duman S. Limbal relaxing incisions in congenital
astigmatism: 6 month follow-up. J Cataract Refract Surg. 2001;27:715e719.
6. Wang L, Misra M, Koch DD. Peripheral corneal relaxing incisions combined
with cataract surgery. J Cataract Refract Surg. 2003;29:712e722.
7. Budak K, Friedman NJ, Koch DD. Limbal relaxing incisions with cataract sur-
gery. J Cataract Refract Surg. 1998;24:503e508.
8. Muller-Jensen K, Fischer P, Slepe U. Limbal relaxing incisions to correct astig-
matism in clear corneal cataract surgery. J Refract Surg. 1999;15:586e589.
9. Carvalho MJ, Suzuki SH, Freitas LL, Branco BC, Schor P, Lima AL. Limbal relaxing
incisions to correct corneal astigmatism during phacoemulsiﬁcation. J Refract
Surg. 2007;23:499e504.
10. Lever J, Dahan E. Opposite clear corneal incisions to correct pre-existing
astigmatism in cataract surgery. J Cataract Refract Surg. 2000;26:803e805.
11. Inoue T, Maeda N, Sasaki K, Watanabe H, Inoue Y, Nishida K, et al. Factors that
inﬂuence the surgical effects of astigmatic keratotomy after cataract surgery.
Ophthalmology. 2001;108:1269e1274.
12. Tehrani M, Stoffelns B, Dick HB. Implantation of a custom intraocular lens with
a 30-diopter torus for the correction of high astigmatism after penetrating
keratoplasty. J Cataract Refract Surg. 2003;29:2444e2447.
13. Tehrani M, Dick HB, Schwenn O, Blom E, Schmidt AH, Koch HR. Postoperative
astigmatism and rotational stability after Artisan toric phakic intraocular lens
implantation. J Cataract Refract Surg. 2003;29:1761e1766.
14. Shimizu K, Misawa A, Suzuki Y. Toric IOLs: correcting astigmatism while
controlling axis shift. J Cataract Refract Surg. 1994;20:523e526.
15. Leyland M, Zinicola P, Bloom P, Lee N. Prospective evaluation of a plate haptic
toric intraocular lens. Eye. 2001;15:202e205.
16. Chang DF. Early rotational stability of the longer Staar toric intraocular lens:
ﬁfty consecutive cases. J Cataract Refract Surg. 2003;29:935e940.
17. Ruhswurm I, Scholz U, Zehetmayer M, Hanselmayer G, Vass C, Skorpik C.
Astigmatism correction with a foldable toric intraocular lens in cataract pa-
tients. J Cataract Refract Surg. 2000;26:1022e1027.
18. Novis C. Astigmatism and toric intraocular lenses. Curr Opin Ophthalmol.
2000;11:47e50.
19. Sun XY, Vicary D, Montgomery P, Grifﬁths M. Toric intraocular lenses for
correcting astigmatism in 130 eyes. Ophthalmology. 2000;107:1776e1782.
20. Entabi M, Harman F, Lee N, Bloom P. Injectable 1-piece hydrophilic acrylic toric
intraocular lens for cataract surgery: efﬁcacy and stability. J Cataract Refract
Surg. 2011;37:235e240.
21. Alberdi T, Macías-Murelaga B, Bascaran L, Go~ni N, de Arregui SS, Mendicute J.
Rotational stability and visual quality in eyes with Rayner toric intraocular lens
implantation. J Refract Surg. 2012;28:696e701.
22. Amesbury EC, Miller KM. Correction of astigmatism at the time of cataract
surgery. Curr Opin Ophthalmol. 2009;20:19e24.
23. Mingo-Botin D, Munoz-Negrete FJ, Won Kim HR, Morcillo-Laiz R, Rebolleda G,
Oblanca N. Comparison of toric intraocular lenses and peripheral corneal
relaxing incisions to treat astigmatism during cataract surgery. J Cataract
Refract Surg. 2010;36:1700e1708.
24. Poll JT, Wang L, Koch DD, Weikert MP. Correction of astigmatism during
cataract surgery: toric intraocular lens compared to peripheral corneal relaxing
incisions. J Refract Surg. 2011;27:165e171.
25. Olsen T. Sources of error in intraocular lens power calculation. J Cataract Refract
Surg. 1992;18:125e129.
26. Wang JK, Hu CY, Chang SW. Intraocular lens power calculation using the
IOLMaster and various formulas in eyes with long axial length. J Cataract
Refract Surg. 2008;34:262e267.
27. Wang JK, Chang SW. Optical biometry intraocular lens power calculation using
different formulas in patients with different axial lengths. Int J Ophthalmol.
2013;6:150e154.
28. Findl O, Kriechbaum K, Sacu S, Kiss B, Polak K, Nepp J, et al. Inﬂuence of
operator experience on the performance of ultrasound biometry compared to
optical biometry before cataract surgery. J Cataract Refract Surg. 2003;29:
1950e1955.
29. Luo L, Lin H, He M, Congdon N, Yang Y, Liu Y. Clinical evaluation of three
incision size-dependent phacoemulsiﬁcation systems. Am J Ophthalmol.
2012;153:831e839.
30. Buckhurst PJ, Wolffsohn JS, Davies LN, Naroo SA. Surgical correction of astig-
matism during cataract surgery. Clin Exp Optomol. 2010;93:409e418.
31. Agresta B, Knorz MC, Donatti C, Jackson D. Visual acuity improvements after
implantation of toric intraocular lenses in cataract patients with astigmatism: a
systematic review. BMC Ophthalmol. 2012;12:41.
